A multi station automatic assembly system was designed for MEMS products. The system includes three assembly stations and the loading and unloading station. It can finish the automatic assembly totally form part to product. This paper introduces the structure and the work principle. Experimental results show that the automatic assembly system plays an important role in the application of the automatic assembly of MEMS with better accuracy and efficiency.
Introduction
MEMS products are assembled together with numerous micro parts. Some dimensions of the parts are less than 1mm and the structural features of the parts are in micrometer scale. Such small size and scale make the parts easily damaged during assembly. Hence, the two characteristics of parts make assembly difficult and inefficient. The assembled MEMS product is a microelectromechanical system. The annual output is 100,000 sets, but the manual method cannot achieve the efficiency. Therefore, the multi station automatic assembly system is proposed to realize the automatic and quick assembly of micro MEMS devices.
Because of the high requirements of MEMS assembly, and it is mainly assembled in a manual manner at present. Therefore, the micro-assembly technology has become one of the key technologies that restrict the development of MEMS, which also becomes the focus of research.
Hofmann proposed a micro-flexible concept to accommodate micro and intermediate-scale assembly lines [1] . Zhang proposed a two-degree-of-freedom robot that can be combined with a two-degree-of-freedom plane robot "courier" to complete a precision assembly task at a mini-factory [2] . Estevez developed a remote haptic system that replaces pure handmade micro-assemblies to improve the performance of various micro-assembly tasks [3] . Fleischer achieved a small automatic supply parts which based on the principle of micro-smoothing [4] . Burisch studied a small robot that could grab and place micro parts in the precision assembly [5] . Kagerer studied a low-cost manual micro-assembly system with integrated heaters [6] . Jain proposed a newly micro-operating system which designed a micro-gripper for the operation of micro-parts [7] . Lee presented a miniature assembly system equipped with a top camera and a side vision camera with a rotating mirror system [7] . Ye proposed a micro-assembly system with coaxial alignment function (MSCA) [9] . Although a lot of research has been carried out, the level of automation is not high in MEMS assembly field and the assembly efficiency is low. Aiming at the shortcomings of the existing research, this paper proposes a multi station automatic assembly system.
The Multi Station Automatic Assembly System
The multi station automatic assembly system is shown as Figure 1 . The system consists of four parts, followed by the work space, the fix box, the marble seat and the support structure. The loading and unloading station for loading and unloading all stations. Three assembly stations work in parallel to improve assembly efficiency. The fix box provides an installation site for the loading and unloading station and the three assembly stations, and the inner space provides room for the adjustment module.
The marble seat provides a flat surface and a good vibration isolation for the system. The support structure provides the sustain and can adjust the horizontal of the system. As shown in Figure 2 . The work space is divided into four parts according to the assembly requirements, including three assembly stations and the loading and unloading station. The loading and unloading station is shown as Figure 3(a) . It consists of the material box, a six degrees of freedom robot and the gripper. The material box can hold many parts. The robot with the gripper can clamp three parts simultaneously, and then transport to the specified loading position. The three assembly stations have the same configuration and functionality. It includes an assembly module, a detection module and an adjust module. The assembly station is shown as Figure 3 As shown in Figure 4(a) . The assembly module consists of a column, a Z-axis motion stage, a turntable and a gripper. The column provides sustain for the Z-axis motion table. The turntable is mounted on the Z-axis motion stage and the gripper is mounted on the turntable. They are combined together to complete the assembly of parts. The detection module is shown as Figure 4 The assembly system can achieve the part loading, clamping, position and orientation detection, position adjustment, part assembly and product unloading automatically, and cycle to complete the assembly of product. Therefore, the control system must possess multi axis motion control, multi I/O logic control, assembly force feedback, visual feedback control and multi station coordinated control. The structure of the control system is shown as Figure 5 . According to the controlled object, the system is divided into three layers structurally. The top layer is the industrial computer, the middle layer is the controller and the bottom layer is the driver. To achieve the control of the movement axis and I/O quantity, the controller includes the robot controller, the station I controller, the station Ⅱ controller and the station Ⅲ controller, which correspond to the four parts of the work space. The control system can realize the control of a single station or multi stations, which include the multi axis linkage control, the visual servo control, the force feedback control, the unit control, the I/O logic control and the multi station coordinated control. The work principle of the multi station automatic assembly system is shown as the Figure 6 . Firstly, the system completes initialization. After that, the load and unload gripper clamps the parts, and the robot moves the parts to the designated position and completes the unloading. Then, the assembly station starts working. The gripper on the assembly module clamping the part moves with the turntable and the Z-axis to the designated position. At the same time, the prism moves out, the light source and camera are opened. Next, the image of the part is captured. In the process of image processing, the prism and light source are reset. After the image processing, the position and orientation of the part is adjusted according to the position deviation, and completes the assembly. Did the last part complete the assembly? If the last one is not assembled, starting the assembly of the next part. When the last part completed the assembly, the assembly module clamps the product and follows the Z-axis and turntable to the initial position. At this moment, the loading and unloading station gripper clamps the product, and the robot moves to the box to complete the unloading.
Experiment and Results
The prototype of the multi station automatic assembly system was built in accordance with the design. After completing the construction of the mechanical and electrical parts of the system, the whole system has been commissioned. It mainly debugged the two parts of position accuracy and electrical control. The position accuracy includes the accuracy of the motion axis, the accuracy of the prism posture, and the precision of the structural parts. The position accuracy of each component ensures the assembly accuracy of the parts. The electrical control includes the movement control of each axis, the I/O quantity control, the multi axis coordinated control, the visual servo control and the force feedback control. Good electrical control ensures coordinated work, stability and reliability of the shafts. After debugging each part of the system, the assembly experiment of was carried out based on the system. The prototype of the assembly system is shown as Figure 7 . The experiment was done on the basis of the system work principle shown as Figure 6 . The system can finish the feeding, the detection, the adjustment and the assembly fully automatic. The results are shown as Figure 8 . 
Conclusion
For the MEMS parts, a kind of multi station automatic assembly system was designed to realize automatic assembly. The prototype of the system was built according to the design. The assembly results show that the system improves the assembly accuracy and efficiency compared with the manual assembly, and realizes the automatic assembly of the MEMS device totally. The assembly efficiency of this system is three times as much as that of manual assembly. The design of the multi station automatic assembly system plays an important role in the micro-assembly filed.
